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The cosmological implications of a class of 50(10) models are discussed. In particular we show how a good 
prediction for neutrino masses is obtained in order to fit with the MSW mechanism to explain the solar neutrino 
flux deficit and with the predicted amount of the dark matter hot component. A possible scenario for baryogenesis 
is also considered. 



1. INTRODUCTION 

It is well known that the electroweak standard 
model is now established with incredible high pre- 
cision. The dream of many physicists about a 
higher degree of unification, realized by assuming 
a larger gauge group at higher energies, cannot 
be tested by using the usual accelerator approach. 
The typical signature of GUT theories, the bary- 
onic matter instability, has not been found so 
far but the lower limit on the proton lifetime set 
the typical unification scale at 10^^ — lO^^GeV, 
which is incredibly high with respect even to next 
generation of earth experiments. However, the 
big progress in astronomical observations gives a 
chance to use the history of the universe as a nat- 
ural device to look for some evidence for an era, 
in the early stage of the universe, governed by a 
larger symmetry. In this respect it is worth to 
study all cosmological implications of GUT mod- 
els at high scales (inflation, topological defects, 
baryogenesis) and low scales (neutrino masses). 
In this paper we will describe the results of a 
research on four particular SO{10) symmetry 
breaking patterns. By studying the Higgs poten- 
tial of the model, and using the Rcnormalization 
Group Equations, it was possible to deduce [Q 
the values of the two physical scales of the the- 
ory: the unification scale, Mx, at which 50(10) 
breaks to an intermediate group G, and the in- 
termediate scale, Mr, at which the intermedi- 
ate group is broken down to the standard group, 
SU{S)c ® SU{2)l ® U{1)y = SG. Therefore, a 



typical 50(10) breaking chain is given by 



50(10) 



G 



SG 



SUi3)c(g)U{l)c 



(1) 



Mx is connected with the masses of the lepto- 
quarks which mediate proton decay, and, in par- 
ticular, the present experimental lower limit on 
proton decay, Tp^^+^o > 9 • 10"^^ years (|], corre- 
sponds H] to the following lower limit on Mx- 

Mx > 3.2 • 10^^ GeV. (2) 

Via the see-saw mechanism, is instead related 
to the masses of the (almost) left-handed neutri- 
nos. 

2. A CLASS OF 50(10) MODELS 

It is quite a general result that the breaking of 
50(10) down to the standard model group should 
proceed via an intermediate symmetry stage. In 
order to identify the possible directions for spon- 
taneous symmetry breaking, one has to classify 
the components, in the smallest irreducible rep- 
resentations (IR) of 50(10), that are invariant 
under SG. 

From Table 1 it is seen that for all IR, but the 
144, the little group of the SG-singlet is larger 
than SG. 

The use of 16, 126 and 144 representations 
would lead to the result that, as in the minimal 
SU (5) model, the three SG running coupling con- 
stant would not meet at one point [Q. Consider- 
ing the 45 representation, one can show instead 
that the only non-trivial positive definite invari- 
ant with degree < 4 (as necessary in order to have 
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Table 1 

Classification of the Higgs 5G-invariant components 
in the lower irreducible representation of 50(10). SG 
is the standard group while D is the left-right discrete 
symmetry [5]. 



IR 


SG 
-singlet 




Symmetry 
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X 


5(7(5) 








45 


ai 


SUi3)c<S) 


SU{2)l ® 


5(7(2)fl (g. 


U{1)b-l 






xD 








45 


d2 


SU{A)ps 




® t^(l)T3« 




54 


(T 


5(7(4)p5 


<S>SU{2)l 


®5i7(2)H 


X D 


126 




5(7(5) 








144 




5C7(3)c<S) 


SU{2)l eg. 


i7(l)y 




210 


<fi 


SU(3)c<S> 


5i7(2)i eg. 


5i7(2)fl (S) 


t^(l)B-L 






xD 








210 


02 


SU{4)ps 


■8 517(2)^ 


®5C7(2)fl 




210 


03 


5i7(3)c ® 


5i7(2)i (g. 




3!7(l)s-i 



a renormalizable potential) that one can build has 
its minimum in the 517(5)® [/(l)-invariant and its 
maximum in the SO (8) ® S'0(2)-invariant direc- 
tions so that it is not possible to construct 
a Higgs potential with minimum along the di 
or d2 directions. Moreover, the (jjs component 
in the 210 representation corresponds to a direc- 
tion with neither SC/(4)ps nor SU{2)r in the little 
group. 

The previous considerations lead us to the fol- 
lowing four choices for G 

50(10) 



(i) 


(T 


SU{4.)ps 


ig.5C7(2)i 


SU{2)r 


X D 


(ii) 




SUi3)c <S> 


5C7(2)i (B) 


SU{2)r ® 


U{1)b^l X D 


(Hi) 




SU{A)ps 


(S)SU{2)l 


®SU{2)r 




{iv) 




SUi3)c ® 


SU(2)l (8> 


SU(2)r (g) 


U{1)b-l, 



where = cosOc/ji + sin9(f)2- The spontaneous 
symmetry breaking to SU{3)c (S) U{^)q is then 
realized, in all four cases, using the ^/'-component 
of a 126 ® 126 representation, and a combination 
of the 5t/(3)c®?7(l)Q-invariant components of two 
lO's, in such a way to avoid the bad relation mt = 

The previous four possibilities have been stud- 
ied in the Refs.0|-|l^. We only report here for 



brevity the results for the case (iv), which seems 
to be the more promising, for the mass scales cor- 
responding to the two symmetry breaking stage: 

Mr < 1.2 ■ 2.5"±i • 10" GeV, 

(3) 

Mx = 1.9 • 2.0°^^ ■ 10^6 GeV. 

3. SOME COSMOLOGICAL IMPLICA- 
TIONS 

In the framework of the well known see-saw 
mechanism [|ll| , the upper limit for Mu gives rise 
to the following inequalities for m^^ and m,y^ : 

(4) 

where g2R and fi are the SU(2)r gauge coupling 
constant and the Yukawa coupling of the 126©126 
to the i-th family respectively, and we have used 
a value of the top quark mass mt = 176 GeV. For 
reasonable values of g2fl and fi, Eqs. (^ imply a 
substantial contribution of i/,- to the dark matter 
in the universe and a 171,^^ relevant for the MSW 
solution of the solar- neutrino problem . 

Another interesting prediction of this class of 
50(10) models is a dynamical explanation of the 
presently observed baryon asymmetry. Indeed, 
these models can satisfy the three necessary con- 
ditions stated by Sakharov i) the 50(10)- 
gauge bosons mediate interactions which may 
lead to B-violations; moreover, at the scale Mr, 
B — L violating interactions may produce a net 
asymmetry in this quantum number which cannot 
be washed out by the baryon number violating 
electroweak anomalous effects, which are active at 
lower scales; ii) at the intermediate scale, C and 
CP symmetry are brokerj^ iii) non-equilibrium 
conditions can be implemented if the masses of 
the Higgs particles satisfy certain conditions. 

A scenario in which i), ii), and iii) are realized is 
discussed in Ref.jlJ], in which the 5*0(10) model 
with G = SU{3)c ® SU{2)l ® SU{2)r ® U{1)b-l is 

^No C-odd quantum number asymmetries can be gener- 
ated until C and CP symmetry remain unbroken, and this 
happens only at Mr since the intermediate group has the 
same rank of 50(10) 
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considered. A non-zero value of the asymmetry 
A{B - L) is produced at T Mr by the B - L- 
violating decays (j) —>■ ipfi>1, where are some 
Higgs multiplets of the 210 described in Ref . [p^ , 
ip are the Higgs of the 126 which have mass of 
order Mr, and / is a fermion. The knowledge of 
the mass spectrum of the Higgs scalars allowed 
to verify the possibility to have an overabundant 
population of at Mr, expressed by the inequali- 
ties <m^< i-W^'^GeV, where the first 
and second inequality correspond to the condition 
that the annihilation and decay processes respec- 
tively are " frozen out" . If no _B — L- violating 
phenomena are active at lower temperatures, the 
stored A{B — L) is transformed in AB by the 
sphaleronic processes leading to a value for the 
photon to barion ratio in agreement with the ob- 
served one = (4 ^ 7)10"^". Notice that the 
fact that an asymmetry in B — L is produced, 
which cannot be washed out by the low-energy B 
and L anomalous violating interactions, is quite 
crucial. In the usual 50(10) baryogenesis sce- 
narios, in fact, it was assumed that B-violating 
interactions would provide the observed value for 
the baryon to photon density ratio. The presence 
of sphalerons, however, would completely erase 
any asymmetry produced in such a way. 
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